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(54) Tire with sidewall rubber Insert 

(57) A pneumatic tire (1 ) having a rubber insert (7,8) 
located between a radially outer tread (6) and a radially 
inner k^ead core (2). Such insert may, fbr exanrple. be an 
apex (7) extending radially outward from the bead core 
(2) of the t're Into the tire sidewall (3). Alternatively, he 
insert (8) may be positioned higher in the sidewall por- 
tion of the tire and away from the bead core (2). Such 
insert is a nit>fc>er composition containing a dispersion of 
an ultra high moteciiar weight polyethylene and a dis- 
persion of a starch composite. 
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Description 
Field 

5 [0001] This invention relates to a pneumatic tire having a rubber insert in its sidewall axially inward of at least one 
carcass ply. Such insert nnay be. tor example, an apex in extending radially outward from a bead core of a tire into its 
sidewall. Alternatively, the Insert msy be positioned higher in the sidewaJt portion of the tire and away from the bead 
core. Such insert is a rubber composition containing a dispersion of an ultra high molecular weight polyethylene and a 
dispersion of a starch composite. ^ 

10 

Background 

[0002] h is sometimes desired to provide a tire having a sidewall of a relatively high stiffness to enhance a tire's han- 
dling, fbr exanple its cornering stability, when mounted on a rigid rim as a part of a wheel of a vehicle. For example, see 

IS US-A- 4.024.901 and 4.067.373. 

[0003] Often, a resin is added to an apex portion of a tire sidewall to nnake It stiffer. However, addition of a resin for 
such purpose, while Increasing hardness for the rubber composition, may also adversely affect the rubber composi- 
tion's other desirable properties such as, for exanple, its rebound and permanent set properties. 
[0004] Another method of increasing hardness for a tire apex is to increase its reinforcing filler content (e.Q. : its car- 

20 bon black content). However, increasing the cartxsn black content for such rubber composition, while increasing its 
hardness, may adversely affect physical properties such as, for example, its hysteresis and, therefore, its heat build-up 
property and also may disadvantageously increase Its stiffness softening with strain history property. 
[0005] The stiffness softening property relates to a comparative difference (e.g.: a reduction) between a first force 
(MPa) needed tor application of about a one percent shear sirain at 100*C to the rubber sample and a second force 

26 (MPa) needed for the same shear strain; wherein an intermediate and significantly greater shear strain (e.g.: about a 
50 percent shear strain) is applied to the sample wHh an accompanying relaxation of the sample to its original size after 
each of said first and intemiediate shear strain applications. If there is only a minimal, if any. decrease In the second 
force, then it may be said that there is little, tf any, stiffness softening of the cured rubber sample. 
[0006] In practice, a low stiffness softening of the rutber composition fbr the insert is desired. 

so [0007] In the desaiption of this invention, a stiffness of a cured rubber composition is a characteristic similar to 
modulus in a sense that it is measured in Xemts of MPa and relates to a force required to obtain a prescribed strain, or 
elongation, of a ridaber composition. 

[0008] In practice, it is desired that a rubber composition for the insert have a relatively high stiffness, or modulus, 
at an elongation of 1 00 percent. While of a somewt^t lesser significance, it is also desired tiiat it also have a relatively 

as high modulus at a larger efongation of 300 percent 

[0009] f=br this invention, variation in methodology of increasing stiffness for a tire sidewall insert is desired. 
[0010] In particular, it is desired herein to provide a tire with a sidewall having an insert which has a relatively high 
hardness represented as having a Shore D hardness (23*^0) in a range of 35 to 50. yet also having a Hot Rebound value 
at 100^C of 65 to 80 in order to reduce heat generation in the rubber composition under working conditions as a tire 

40 sidewall insert. 

[0011] In practice, for the relatively hard rul3l>er compositions for the insert of this invention, the fiardnees values 
may be desired to be recited in temis of a Shore D hardness rather tiian a Shore A hardness. 
[0012] Historically, a tire is a conrposite of numerous conponents each serving a specific and unique function and 
cooperatively functioning to produce a desired tire perfonnance. In one aspect a tire carcass may contain one or more 

4s reinforcing carcass plies. A carcass ply is typically a continuous l^er of mbber-coated parallel cords which extend from 
bead to bead and functions as a reinforcing element of the tire. The plies are usually turned up around the bead, ttiereby 
locking the bead Into ttie carcasa Such carcass reinforcing pGes are well known to tiiose having skill in such art. 
[001 3] In one aspect of the invention, a tire sidewall insert may be a tire apex. The term "apex" as used herein refers 
to a rubber wedge focated primarily in the kwer sidewall region extending radially outward from the tire's bead core into 

so the sidewall of the tire, usually between a carcass ply and its turn-up portion. An apex portion of a tire Is well known to 
those skilled in such art. 

Brief Description of the Drawing 

55 [0014] The tire sidewall insert may be described by way of example and wrth reference to the accompanying draw- 
ing in wtiich: 

FIGURE 1 is a partial aoss-sectional view of a tire with a first insert of a rdober composition in its sidewall region 



2 



EP1038G97A1 



shown as an apex adjacent to a carcass ply and to a bead core and a second insert in its sidewell region spaced 
apart from the bead core. 

Disclosure and Summary of the Invention 

5 

[0015] tn accordance with this invention, a toroidally-shaped tire is provided which is comprised of two spaced- 
apart relatively inextensible bead cores, a circumferential tread designed to be ground-contacting, sidewalls exter)ding 
from said bead cores to said tread and a carcass, which contains said bead cores and sidewalls, comprised of at least 
one cord reinforced ply supporting said tread and extending from bead core to bead core: wherein an Insert of a rubber 
10 composition is positioned between the radially outer tread and the radially inner bead core of the tire characterized that 
said insert is a rubber composition comprteed of. based upon 100 parts by weight of elastomer{s): 

(A) 100 phr at least one elastomer selected from honrK>polymers and copolymers of conjugated diene composition 
is hydrocartxins having from 4 to 6 cartx>n atoms and copolymers of conjugated hydrocartxxis having from 4 to 6 

IS carbon atoms and styrene and alpha-methylstyrene. preferably styrene: 

(B) 5 to 50. alternatively 15 to 40. phr of a particulate ultra Ngh molecular weight polyethylene having a number 
average molecular weighrt average in a range of 4.5 to 8. alternatively 5 to 8. million and having a melting point 
according to ISO Method No. 306 in a range of 130"C to 150**C, dispersed within said rubber composition of said 
insert; 

2o (C) 5 to 40. atternativety 5 to 30. phr of a particulate starcti^lasticizer composite dispersed within said rubber com- 
position of said insert: 

(D] 10 to 50 phr of at least one reinforcing filler selected from cartoon black, precipitated silica. aJuminosilicate and 
nwdified cartoon black having silanol units on its surface dispersed within said rubber composition of said insert; 

(E) a coupling agent for said silica, aluminosllicate, nrKXlified cart>on black and starch composite, as the case may 
25 be. having a moiety reactive with silanol units contairied on the surface of ttie silica. aJuminosilicate and said mod- 
ified carbon black and hydroxyl units contained in said starch composKe, as the case may be, and another moiety 
interactive with said elastomer(s); 

wherein said starch is composed of amylose units and amylopectin units in a ratio of 15^5 to 35/65. aKernatively 
20/80 to 30/70. and has a softening point in a range of 1 80**C to ZZO^'C: wherein said starch^lasticizer composite 
30 has a softening point in a range of 1 10°C to 1 70**C and where the plastlcizer is a polymeric plastidzer having a sof- 
tening point of less than IGO^'C; wherein said softening points are determined according to ASTM No. D1228. 

[001 6] In further accordance with tNs invention, said insert rubber composition, in ita sulfur-vulcanized state, has a 
Shore D hardness value at 23^C in a range of 35 to 50, a 100 percent modulus at 23*'C in range of 3 to 9 MPa and a 

35 Hot Rebound value at 100<*C in a range of 50 to 85. 

[0017] In adcfitlonal accordance with this invention, said insert is an apex wherein said apex extends radially out- 
ward from said bead core into an associated sidewall region of the tire. In practice, said apex may have substantially a 
shape of an entruncated crescent with its entruncated portion juxtapositioned to a bead core. 
. [0018] Alternatively, said insert may be juxtapositioned to and axially inward of a at least one carcass ply in the 

40 sidewall region of the tire arxi spaced apart from said bead core. 

[001 9] In practice, it has been observed that use of a starch^lastidzer in combination with the ultra high nrx>lecular 
weight polyethylene (UHMWPE) inclusions (miao dispersions) can be used to obtain a higher modulus of the rubber 
composition at intermediate strains (e.g.: 100 percent elongations) believed to t>e due. at least in part, to inaeased 
elastomer/UHMWPE/starch composite interactions. 

45 [0020] For the purposes of this invention, it is believed that a significant contributk)n of micro inclusion, or disper- 
sion, of the ultra high molecular weight polyethylene (UHMWPE) is to promote a significanUy higher modulus of the ni>- 
ber composition at relatively large strains (e.g.: 100 percent elongation). 

[0021] The benefit of such properties, namely the relatively high 100 percent nrKxiulus values as welt as desirable 
high hot retx)und value, relatively high Shore D hardness and low stiffness softening for the sidewall insert and apex of 

50 this invention, is to provide a tire with one or more of enhanced handling characteristics. 

[0022] In practice, the said reinforcing filler may be comprised of, for example. 10 to 50 phr of cartoon black and 20 
to 30 phr of precipitated silica and/or aluminosillcate. Alternatively, such reinforcing filler may be comprised of, for exam- 
ple, (i) cart>on Wack alone, (ii) 20 to 30 phr of cart>on black and 10 to 60 phr of predpitatai silica and/or aluminosilicate 
and 5 to 20 phr of said starch composite, (iii) 30 to 50 phr of cartx>n black and 10 to 30 phr of said starch composite or 

55 Ov) 15to30phrof cartx>nblack, 20 to 40 phr of modified cart)on black and 5 to 30 phr of starch composHe. 

[0023] It is to be appreciated that a coupling agent is to be typically used in combination with said precipitated silica, 
aluminosilicate. with said modified cartx)n black and with said starch composite to aid In coupling such fillers to the elas- 
tomer(6) and to, thus, enhance their elastomer reinforcing effect Such couplers are those which have a moiety reactive 
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With the surface of the silica, aluminosilicale and modif ied carbon black (e.g. with silanol groups on the surface thereof) 
or with surtaoe of the starch composite {ag. hydroxyl groups) and another moiety interactive with the el^tomer(s), 
10024] The philosophy of utilizing coupling agents for such purpose is well known to those having skill in such art. 
[0025] Fbr the starch composite, it is to be appreciated that starch has previously been suggested for use in rubber 
products, including starch/plasticizer composites. For exanple, see US-A- 5.762,639. 

[00261 Starch by ItseH. typically has a softening point of 200^0 or above and is considered herein to have a some- 
what limited use In many rubber products. primarOy because riiDber compositions are normafly processed by prelimi- 
narily blending rubber with various ingredients at temperatures in a range of 14a>C to 170»C. usually at least 160»C, 
and sometimes up to 1 80*C which is not a high enough temperature to cause the starch (with softening temperature of 
at least 200'C) to effectively melt and efficiently Wend wrth the rubber composition. As a resJt, the starch particles tend 
to remain in individual domains, or granules, within the rubber composition rather than as a more homogeneous Wend. 
100271 Thus, it fe considered herein that such softening point disadvantage has rather severely limited the use of 
starch as a filler, particularly as a reinforcing filler, for many rubber products. 

[0028] It Is considered herein that a development of a starch/plasticizer composition, or compositions, with a sof- 
tening poim significantly lower than that of the starch atone, may allow the starch to be more easily mbced and proc- 
essed In conventional elastomer processing equipment 

[00291 Starch is typically represerted as a carbohydrate polymer having repeating units of amylose (anhydroglu- 
copyranose units joined by glucosidic bonds) and amylopectin, a branched chain structure, as is wefl known to those 
having skill in such art. Typically, starch is conposed of 25 percent amytose and 75 percent amylopectin ( Thg C^n- 
riftn^fld Chemigii nininnafv Ninth Edition (1977), revised by G.G. Hawley. published by V&n Nostrand ReinhWd Com- 
pany, page 813). Starch can be. reportedly, a reserve polysaccharide in plants such as. fbr example, corn, potatoes, 
rice and wheat as typical commercial sources. ^ ^ . w 

[00301 It is considered herein that use of a starch/plasticizer composition, or compositions, with a softening point 
signif icantly lower than that of the starch alone, can allow the clarch to be more easily mixed and processed In conven- 
ttonal elastomer processing equipment. ^ ^ . ^ _j 

[0031] In the practice of this invention, the starch/plasticizer composite may be desired to be used, for example, as 
a free ftowing. dry powder or in a free f kwing. dry pelletized form. In practice, it is desired that the synthetic plastfcizer 
itself is coirpatiWe With the starch and has a softening point kwer than the softening point of the starch so that it causes 
the softer^ng of the Wend of the plastidzer and the starch to be lower than that of the starch alone. This phenomenon 
of Wends off compatiWe polymers of differing softening points having a softening point kwer than the Wghest softening 
point of the individual polymer(6) in the Wend is well known to those having skill in such art 

[00321 For the purposes of this invention, the plastidzer effect for the starchflplastidzer composite, (meaning a sof- 
tening point of the corrposite being lower than the softening point of the starch), can be obtained through use of a pol- 
ymeric plastidzer such as. for exanple. poly(ethylenevinyt alcohol) with a softening point of less than 160-C. Other 
plastidzers and their mixtures are contemplated for use In this inventwn. provkied that they have softening points of le^ 
than the softening point of the starch, and preferaWy less than 1600C. whfch might be. for e)cample. one or more copol- 
ymers and hydrolyzed copolymers thereof selected from ethylene-vinyl acetate copolymers having a vinyl acetate molar 
content of from 5 to 90. alternatively 20 to 70. percent, ethylene-glyddal acrylate copolymers and ethyl en e-maleicanhy- 
drkie copolymers. As hereinbefore stated. hydrWyzed forms of copolymers are also contemplated. For example me 
40 corresponding ethylene-vinyl ateohW copolymers and ethylene-acetate vinyl alcohol terpWymers may be contemplated 
so long as they have a softening point tower than that of the starch and preferaWy tower than 160*C. 
[0033] In general, the Wending of the starch and plasticizer involves yNhaX are constoered or believed herein to be 
relatively strong chemical and/or physical interactions between the starch and the plastteizer. 
[0034] In general, the starch/plastteizer composite has a desired starch to plastidzer weight ratio in a range of O.sn 
45 to 4/1 alter natively 1/1 to 2/1 . so long as the starch/plasttoizer composition has the required softening pdnt range and 
preter^y. is capaWe of being a free ftowing. dry powder or ertruded pellets, before it is mixed with the elastomer(s). 
[0035] Representative exanples of synthetic plastidzers are. fbr exanple, poly(ethylenevinyl alcohol), cellulose 
acetate and diesters of dibasic organk: adds, so long as they have a softening point suffidently below the softening 
point of the starch with which they are being comWned so that the starchflplaslidzer composite has the required soften- 

[mS"* ^^SSteraWy, the synthetic plastidzer is selected from at least one of poly(ethylenevinyl atoohW) and cellulose 

[0tt371^ F=br exanple. the aforesaid poly(ethylenevinyl alcohol) might be prepared by polymerizing vinyl acet^e to 
for m a poly(vinyiacetate) whteh is then hydrolyzed (add or base catalyzed) to form the poly(ethylenevinyl alcohol). Such 
55 reaction of vinyl acetate and hydrolyzing of the resuHing product is wefl known to those skilled in such art. 

[00381 Fbr example, vinylalcohol/ethylene (60/40 mole ratio) copolymers can be obtained in powder or pellet tornis 
at different molecular weights and crystallinities such as. for example, a mWecuIar weight of 1 1 700 with an average par- 
ticle size of 11.5 microns or a molecular weight (weight average) of 60.000 with an average parttole diameter or less 
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than 50 microns. In an alternative, they can be compacted into pellets and then blended with starch at an elevated tem- 
peiature above the meWng point o» the copolymer itself. 

[0039] Various blends of starch and elhylenesrinyl alcohol copolymers can then be prepared accondmg to m.x|na 
procedures weH known to those having sKOI in such art. f=br example, a procedure might be utilized accojjing to a rec- 
5 Sn the patent puUicalioo by Bastioli. Beilolti and Del Trediu entitled "A Polymer Composrt«n Including Destruc- 
tured Starch An Ethylene Copolymer". US-A-S,403.374. 

raSw] other p^stidzers might be prepared, for example and so long as they have the appropriate Tg aM «teuch 
ShStWBty requirements, by r^Lcting one or more appropriate organic diba«c acicte with ^^;^^r'Z':!^^Sf^l 
inaVeaclion wWch n^ght someBmes be referred to as an "esterification condensaton reacbon . Such estenficaton 

10 reactions are wen known to those sWIIod in such art. . . ^ . -^=ia^i«k- 

[M41] lnpractice.elastomeisfor6aklinsertmaybeselectedfrom.1brexample.as1.4^soprene^^^^ 

Sadiene. styrenert)utadiene copolymers, high vinyl polybuladiene containing from 35 to 90 percent v»>yl 1.2:gro^» 

and Isoorene/buladiene copolymers. ^ ,. t^^i 

mo^ In practice, the present invention relates to a pneumatic tire. Pneumatic tire ««f J«^^ 

,5 SSmechanlcaldevk»ofgeneraBytoroidalshape(usuallyanopentorus)te^^^ 

ber. chemicals, fabric and steel or other materials. When mounted on the wheel of a motor chicle. '^'Z^^* 
U^Vovides traction and contains the fluid that sustains the vehicle load. The present .nventon [^^^^^I^ 
aSfrSaHJIy tires. Preferably, the present invention Is aradial-pVtira ■RadialWt.re "^^*''>^^!r''^J^ 
S-restHrted pneumatic tire in which the carcass ply cords which extend from bead to bead are laid at cord angles 

so betweeneS^andOO" with respect to the equatorial plane of the tire. 

[0043] Fw a further understanding of the invention, reference is made to the acoorrpanyina *awing. 

[0044 The accompanying cTawing is a cross-sectional view of a portion of a tre (1). including a patton of te <»- 

SSwith inLled be^e (2). sidewall (3). innerllner (^^ 

25 S!Sj^'*^n''^cdL.thepneumattetire^^ 
«on^5A)e.^atonnin^^^^^^^^ 

which may or may not be twisted or othen^rise formed whfch may further include strands so formed whKh strands may 

or may not be also so formed, of which the carcass ply in the tire is comprised. ^.-,«k«oH 

30 SoSt] An apex (7) is m the immediate proximity of the carcass ply tumnjp (5A) including the area above the bead 
core (2) and IS encased by the carcass ply (5) and carcass ply tum-up- . /-ni„ r«nion of 

mow] m accordance with one aspect of this Invention, a nUber tire is provided having an apex (7) in the region of 
t^cass pj^^v^ (5A) as wella^sidewall insert (8) spaced apart fmm the bead core {2y. wher«n sad rubber 
in said apex CT^ and sklewall insert (8) is the abovendescribed sulfur-cured rubber conposmon '^f 
[^9] While the drawing depicts the presence of both the specified apex C7) and me ^-^^ J^^'iLl^ 
underetood that the apex (7) and sidewall insert (8) may be used together in the same tire and each may be used indi- 

'fS'S ilrtS;: an essent«l conponent is the insert for the sidewaH as a o^bber com^«on which con- 
tains bolh the particulate dispersion of ultra high nwlecular weight polyethylene and starch composit 
ISSi] Re?«2Siive ««^les of such ultra high molecular weight polyethylenes are those obtainable as. for 
exanole various GUR (rades such as. tor example. 6UR 4120 a trademart< of Hoechst GmbH. 

Tg^^eral. tS^ultra high molecular weight polyethylene can be utilized, tor example, as a pa-dery polyde- 

l!o53] It is readily understood by those having sWll in the art that the rubber oomposittons used tor ^^^^to^ 
Son. particularlyas an apex toratiresidewan. compounded by methods gen^^^ 

SS^SS as mfa*.g the >«rious sultur-vulcanizaWe constituent rubbem with various commonly ^^^^"^ 
S^ZS^BsZ exa-ile. curing aids, such as suitor, activators, retarters and aaelerators. 

^ils. resins including taddfying resins, particulate reinforcement^ ^'Z^'' ""^Vl^^i^ S 
Pigments fatty acid, zinc oxide, waxes, antioxidants and anttozonanls and peptizing agents. As 
fnTe SCindin^ on the imended use Of the 6ulfur.vulcanizab.e a«^ 

tives mentioned above are selected and commonly used in conventional amounts unless P^^^fT®^ 
S^l ^1 amomts of tacWfier resins, if used, comprise 1 to 20 phr. Such fxoc^ns arts can JncWe. tor 
^e, JSSc. napthenic and/or paraHinic processing ofls. Typical amounts of antioxxJante <:^^^^^^, 
^Z^^ anii^^nts may be. tor exanple. <''P>«"y'-P^^«'^^«'::'"!:.,'?,^^^ 
mihylquinoline and others, such as. tor example, those disdosed «^ m ypnrinftllt ""S^^^l'^j ^^:^ 
343S Typical amounts of antiozonantscompriseltoSphr.Representabve 

disdosed iJihaVtoday!^^ 

include stearic acid comprise 0.5 to 3 phr. Typical amounts of zinc oxide comprise 2 to 1 0 phr. Typical amounts of waxes 
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comprise 1 to 5 phr. Often mictocrystainne waxes are used. Typical amounts of peptizers comprise 0.1 to 1 phr. Typr^ 
SSJ may bV^ for example, pentachlomthioptienol and dbenzamkJodiphenyl disulfide. The ^^^"^^'^'J^J. 
^^^e^e aciZes le considered to be not an aspertofihe present ""^"T^^ 
h«ein which is more primarily directed to the utilization of the combination of a dspetsion of partoJa e litra high 
iS^^w^M^^hylene and starch composfte in the rubber oomposHion for the sidewall insert of this .nvent«n. 
[00551 The vulcanization is conducted in the presence of a sulfur-vulcanizing agent &«n^es of sujteUe sUftir- 
SSzing agents include elemental sulfur (free suHuO or sulfur donating vulcanizing agen^ tor ^ampte. an am>ne 
disulfide. Sol^eric polysulfide or sulfur olefin adducts. Usually the « f .""^^^^ 

krwwn to mose skilled in the art. sulfur-vulcanizing agents are used in an amount ranging from 1 -5 to 4 Jv. aHwn«bvely 
zTTphr or. even in some circumstances, tp to 8 phr. For a higher modulus tor the rOtoer compostion. sulfur in an 

SS? *AS5e«^aTu^ centre- the time and/or ten^erature required for vul^.ation and ,o inpmve the 
^es o^ vulcanizate In one en*odiment a single accelerator system may be used. ^^^1^^^^^°^ 
Cai^ntionally a primary accelerator is used In amounte ranging from 0.5 to 2 0 phr. m another embodiment combina- 
S^cTt^ SSSSSrwhich is generally used In the larger amount (0.5 to 1 .0 phr). ^i^^'^l,^^;^^ 
e^tor wSch is generally used in smaller amounts (0.05 to 0.50 phr) in order to acUvale and to ^'J^^^'^ 
7Z ZSZ^^e. Coiibinations of these accelerators have been known to pra*ice a ^^f^^^^J,^^^ 
SopiJes and are somewhat better than those produced by use of either accelerator a^one. In «*««n^^«d acbc^ 
^^^n» may be used which are not affected by normal processing temperatures but produce ^ 
SirSI.Si^Weratures. Suitable types of accelerators that n«y be .«ed in the P'^^^Z^^^ 
arrtnS^disulfides guanidines. thioureas. tWazoles. tWurams. suHenamides. drthiocarbamales and xanthates^Prefera- 
S S^'rJlSfiy fcicSrT; sulfanamide. Ha secorKl accelemlor is used, the secondary accelerator is preferably a 

SS^] '""^le'Se^Son may be better unde.^ by reference to the faflowing examples in which the parts and per- 
centages aia by weight unless otherorise indicated. 

PXAMPLEi 

[0059] RubberoompositionsarepreparedwhichcontainthematerialsshowninTable^ 

S^mposition as Sarrje A as well as experimental riAber compositions as Samples B. C and OM^^n. var- 
S^STSS^Ji^ of r^culate ult« Ngh molecular weight polyethylene (UHMWPE) _ 
lOWOI mmedienls. rther than suMur and aocelerator(s). are mixed in sequental two ""^-Pfo^ff^T?, 
STtempeXfof iri-C tor 5 minutes for each stage in an internal rubber mUer. All °' "°"r,°^^ 
^e inlnxJuoed in the first non-productive mixing stage, or operation. The term "non-productive means wrthout suHur 
curatives and is a term well known to those sWIIed in such art .fc„,«H.««n-nrorfiiciive- 
[0081] Sulfurandcureaccelerator(8)werethenmixedinasubsequerrtm«6tege.ottenreferredtoa6a productnre 

mixing stage, in an internal rubber mixer tor 2 minutes to a temperature of 11S»C. , .,e„ o^™,!*: B 

S Tdjie 2 reports the cure behavior and vulcanizate properties tor the ContiX)! Sample A and also Samples B, 
CandO. 
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Table 1 



JO 





Samole A (Controf) 


5?niplpB 


SamoieC 


Samole D 


Non-Productlve Mixino (Dhrt 


Natural rubber'' 


100 


100 


100 


100 


Coupling agent^ 


0 


0 


5 


0 


UHMWPE' 


0 


0 


40 


0 


Starch composite^ 


0 


0 


10 


0 


Carbon black (N630) 


40 


40 


40 


75 


Zinc CKide 


6 


6 


6 


6 


Stearic acid 


1.5 


1.5 


2 


2 


Resin(s}^ 


0 


0 


0 


20 


Productive Mixing (phr) 


Sulfur 


5 


5 


5 


3.6 


Acceleralor(s)^ 


0.7 


0.7 


5.5 


5.5 



^ Natiral cis 1 *4-polyisoprene rubk^er. 

2 CoupEng agent otstained as X506, a trademark of Degussa AG as a 50/50 composite of 
^. bis(3-lriethaxysilylprapyO tetrasulfide and carbon black, therefore, the amount of actual cou- 

pling agent is 2.5 phr. 

^ Ultra high molecular weight polyethylene having a molecular w^gjht of Tive milDon obtained 
asGVR 4120 a trademark of the Hoechst GmbH company. 

^ A starch/jplasticizer composite olJlained as Maler-Bi 1 1 28RR a trademark of the Novamont 
company and understood to be a oomposle of starch and ethyteneA/lnyi alcohol plasticizer. 
30 5 The r^ln(8) of the resordnol/iarmakJehyde type. 

^ Vuteanizalion accelerators have been added and sightly adjusted for the different formu- 
lations. 

35 [0063] The accelerator for Samples A and B was a butyl benzothtazole, and for San^sles C and D, the accelerators 
used are dicyclohexyl benzothiazote and hexamethylene type. 



Table 2 
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Prooerties 


Modulus (100%). MPa 


2.3 


6 


9.3 


7 


Modulus (300%). MPa 


12.0 


16.3 






Shore A hardness 


60 


75 






Shore D hardness 






42 


42 


Pennanent compression set (%) 


29 


26 


28 


36 


Rebound (^0(fC) 


83 


80 


67 


53 


Elongation @ Break (%) 


472 


381 


210 


200 


TensAe Strength (MPa) 


21.3 


16.4 


15 


15 


Mooney viscosity 


37 


36 


42 


44 


Specif ic Gravity 


1.11 


1.07 


1.09 


1.19 


Stiffness 80ftening(%) 


0 


-5 


-19 


-36 
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[0084] It 18 readily seen from Table 2 that the intermediate modulus (100 percent), as well as the larger modulus 
{300 percent). Is readily enhanced by the presence of the micro-inclusion (dispersion) of the UHMWPE as shown by 
Sample B. 

[0065] It is also seen ttet the intermediate modulus (1 00 percent) is further readily enhanced by the miacMndusion 
(dispersion) of both the UHMWPE and the starch composite as shown by Sample C. 

[0066] Further, the hardness of the rubber composition is enhanced by micro-inclusion (dispersion) of the 
UHMWPE and starch composite as shown by Samples B and C. 

10067] The stiffness softening was substantially reduced by the micro-indusion (dispersion) of both the UHMWPE 
and the starch composite as shoMm by Sample C. 

[0068] Further, the Shore A and Shore D hardness compared to Rebound values shown in Table 2 illustrate that 
addition of the ultra high molecular weight polyethylene and starch composite can provide stiff nisber compositions 
(hardness) values with a reduced hysteresis (Rebound) value which are considered herein to be desirable fbr the side- 
wall insert* 

[0069] The specific gravity property showvn in Table 2 illustrates that use of the ultra high molecular weight polyeth- 
ylene can also be used to reduce the weight of the rubber composition. 

[0070] It may be pointed out that a combination of the starch composite dispersion and relatively high sulfur content 
fbr Sample C was used to achieve the higher 300 percent Modulus shown In Table 2. 

[0071 ] H is considered herein that the use of the combination of starch composite and relatively high sutf ur content 
enabled internal stresses created by the hard indusions of the ultra high molecular weight polyethylene to be bettor dis- 
tributed ¥vithin the rubber composition and. tiiereby, reduce interfacial interactions at large strains (large elongations) 
while maintaining sufficient tensile and elongation properties. 

[0072] The stiffness softening test may be conducted, for exanple, as described as first determining an initial one 
percent shear modulus (MPa) at 100**C. After allowing the sample to relax to its original shape, the rubber sample is 
then stretched 50 percent In shear. After allowing the sample to relax to its original shape, a second one percent shear 
modulus is deterrtned for the mbber sample. H the second one percent shear modulus tor the rubber sample is sub- 
stantially equal to the first deterirtned one percent shear modulus, then the sample has a very little. H any. softening 
with strain Nstory or stiffness softening. On the other hand, if the second determined shear modulus is substantially 
less than the value of the first determined shear modulus, then the rubber sample may be said to have its softening wnth 
strain history negatively of "adversely affected". 

[0073] In Table 2, the stiffness softening values are reported as percent differences between the first shear modu- 
lus value and the second shear value as above-referenced. 



Claims 

1 . A toroidally-shaped pneumatic tire (1 ) comprised of two spaced apart, relatively in6xtensi3le bead cores (2), a dr- 
cumferential tread (6) designed to be road -contacting, sidewalls (3) extending from said bead cores to said tread 
and a carcass v^iich contains said tread and sidewalls. said carcass is comprised of at least one cord reinforced 
rubber ply (5) extending from bead core to bead core; wherein an insert of a rubber composition is positioned 
between the radially outer tread (6) and the radially inner bead core (2) characterized in that said insert is a nA>ber 
conposition comprised of, based upon 100 phr of elastomer(s), 

A) at least one elastomer selected from homopolymers and copolymers of conjugated diene hydrocaitxxis 
having from 4 to 6 carbon atoms ar^ copolymers of conjugated hydrocarbons having from 4 to 6 carbon atoms 

and styrene. 

(B) 5 to 50 phr of a particulate ultra high molecular weight polyethylene having a weight average molecular 
weight in a range of 4.5 million to 8 million with a melting point aocordinfl to ISO Method No. 306 in a range of 
130<O to ^S/OrC dispersed within said rubber composition of said insert 

(C) from 5 to 40 phr of a particulate starch/ plastidzer composite dispersed within said riiaber condition of 
said insert and 

(D) 10 to 50 phr of at least one reinforcing filler selected from carbon black, precipitated silica, aluminosilicate. 
and modified cart>on black having silanol units on its surface. 

(E) a coupling agent for said silica, aluminosilicale modified carbon black and starch composite, as the case 
may be, having a rhoiety reactive witii silanol units contained on the surface of the slica, aluminosilicate and 
said modified carbon black and hydroxyl units contained in said starch composite ard another nwiety interac- 
tive with said elastomer(s); 

wherein said starch is corrposed of amylose units and annylopectin units in a ratio of 15/85 to 35/65, alterna- 
tively 20/80 to 30/70. and has a softening point according to ASTM N". D1228 In a range of 180*C to 220»C; 
vtfherein said starch4)lasticizer composrte has a softening point in a range of IIO^C to 170-C. and where the 
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plaetidzer is a polymeric plastidzer having a softening point of less than IGO^C; wherein said softening points 
are determined accnrding to ASTM Na D1228. 

2. The tire of claim 1 characterized in that said plasticizer for said starch/plastidzer Is selected from at least one of 
5 EVOHp cellulose acetate and any polymeric plastidzer able to reduce the starch/plastidzer oonposite to tempera- 
tures lower than 1 50^C. 

3. The tire of daim 1 characterized in that said starch for said plasticizer is selected from EVOH and cellulose acetate. 

10 4. The tire of any of the preceding claims characterized in that said insert is an apex (7) juxtapositioned to a tire bead 
core (2) between at least one carcass ply (5) and its turn-tp portion (5A) and extending radially outward into the 
tire sidewall region. 

5. The tire of any of the preceding claims 1 through 3 characterized in that said insert (8) is spaced apart from said 
IS bead core and is positioned in the sidewall region of the tire and juxtapositioned to arxJ radially inward of a carcass 

6. The tire of any of the preceding daims 4 or 5 characterized in that said carcass is comprised of at least two plies, 
for which, in its sidewall region, an axially innermost ply is a relatively low modulus synthetic textile oond reinforced 

20 ply, and an additional ply axially outward from said innermost pty is a l^h modulus cord reinforced ply and the 
insert (8) is positioned juxtapositioned to and between said low and high modulus cord reinforced carcass plies. 

7. The tire of claim 6 characterized in that said tow modulus cord is selected from at least one of nyton and polyester 
and said high modulus cord is selected from at least one of ararnd bpA steel. 



25 



30 



35 



40 



45 



SO 



The tire of any of the preceding daims characterized in that said insert (8) has a Shore A hardness value in a range 
of 75 to 90 ar6 a Hot Rebound value at lOO^C in a range of 65 to 80. 
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